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ABSTRACT 


Theoretical  and  experimental  Investigations  directed  toward  the 
development  of  improved  test  techniques  and  procedures  for  performing 
radiated  measurements  in  shielded  enclosures  have  continued  during 
this  reporting  period. 

Results  from  previous  studies  Indicate  that  the  coupling  variations 
which  occur  in  shielded  enclosures  at  frequencies  below  100  MHz  are  due 
to  near-field  radially-polarized  electric  field  components  which  are 
propagated  along  the  walls  of  the  enclosure.  An  experimental  study  was 
performed  during  this  reporting  period  to  test  the  concept  that  an 
antenna  hood  could  isolate  a  probe  antenna  from  these  sidewall-propagated, 
near-field  components.  The  results  from  this  experimental  program  show 
that  a  low  frequency  antenna  hood  can  be  used  to  effectively  isolate  the 
probe  antenna  from  the  enclosure  walls.  However,  insertion  loss  and 
calibration  difficulties  associated  with  the  low  frequency  hooded  antenna 
indicate  that  this  solution  is  not  without  some  disadvantages. 

In  order  to  obtain  experimental  data  which  are  more  directly  applic¬ 
able  to  high  frequency  short  hooded  antenna  designs,  two  adjustable- 
length  hooded  antennas  were  fabricated  and  tested.  Results  from  this 
measurement  program  indicate  that  a  hooded  antenna  approximately  U 
inches  long  will  operate  satisfactorily  over  the  1  to  3  GHz  frequency 
range,  a  2-inch  long  hooded  antenna  will  operate  satisfactorily  over 
the  3  to  8  GHz  frequency  range  and  a  third  shorter  hooded  antenna  will 
be  required  to  cover  the  8  to  12  GHz  frequency  range. 


FOREWORD 


This  report  was  prepared  at  the  Georgia  Tech  Engineering  Experi¬ 
ment  Station  on  Contract  No.  DAAB07-68-C-0189.  The  work  covered  by 
this  report  was  performed  within  the  Electronics  Division  under  the 
supervision  of  Mr.  D.  W.  Robertson,  Head  of  the  Communications  Branch. 
The  report  covers  the  activities  and  results  of  the  third  quarter's 
effort  on  a  project  to  develop  improved  test  setups,  procedures  and 
equipment  for  measurement  of  radiated  emission  and  susceptibility 
characteristics  of  military  coinnunication  -  electronic  equipment  in 
shielded  enclosures. 
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I.  FACTUAL  DATA 


A.  Introduction 


This  report  covers  the  work  performed  under  Contract  DAAB07- 
68-C-0189  for  the  period  from  1  August  1968  to  1  November  1968. 

The  purpose  of  this  program  is  to  conduct  theoretical  and  experi¬ 
mental  investigations  directed  toward  the  development  of  Improved  test 
setups,  procedures  and  equipment  for  the  measurement  of  radiated 
emission  and  susceptibility  characteristics  of  military  communication- 
electronic  equipment.  These  measurements  are  to  be  made  within  shield¬ 
ed  enclosures  in  the  near-field  of  the  equipment  under  test  and  at 
frequencies  at  which  RF  absorbers  are  not  economically  feasible. 

The  three  primary  objectives  of  the  program  are  (1)  the  development 
of  techniques  for  measuring  radiated  interference  and  susceptibility 
characteristics  in  shielded  enclosures  over  the  frequency  range  from  20 
to  200  MHz,  (2)  the  development  of  broadband  hooded  antennas  which 
minimize  the  narrowing  effect  of  the  hood  on  the  antenna  field  pattern 
and  (3)  an  investigation  t^  determine  the  availability  of  broadband, 
balanced  probe  antennas  suitable  for  radiated  emission  and  susceptibility 
measurements  in  shielded  enclosures  over  the  fr*  '’uency  range  from  14  kHz 
to  200  MHz. 


B.  Study  of  Near -Field  Measurement  Problems 


1.  General 

1  2 

It  has  previously  been  shown  ’  that  the  coupling  nulls  which 
occur  in  shielded  enclosures  at  frequencies  below  100  MHz  are  the  result 
of  the  out-of -phase  sumnation  of  the  tangentially  polarized  direct  radia¬ 
tion  and  a  near-field,  radially-polarized,  electric  field  component. 

The  radially-polarized  component  couples  from  the  radiating  source  to 
the  enclosure  walls,  propagates  along  the  walls  and  couples  to  the  probe 
antenna.  In  the  open-field  there  is  no  path  corresponding  to  the  enclo¬ 
sure  walls  whereby  the  radially  polarized  field  component  can  couple 
into  the  probe  antenna.  Thus  coupling  measurements  made  in  shielded 
enclosures  exhibit  the  effect  of  this  radial  field  component  and  corres¬ 
ponding  measurements  made  in  the  open-field  do  not.  Since  it  is  desired 
to  measure  the  amplitude  of  the  tangentially  polarized  field  component 
in  shielded  enclosures  independent  of  any  wall- coupled ,  near-field  effect, 
an  investigation  was  undertaken  to  investigate  probe  antenna  configura¬ 
tions  with  little  or  no  response  to  radia^  fields. 
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One  possible  antenna  configuration  having  the  desired  character¬ 
istic  of  minimuiti  response  to  radially  polarized  fields  incorporates 
an  antenna  hood.  This  is  most  easily  seen  by  reference  to  Figure  1. 

Figure  1(a)  pictorially  illustrates  the  response  of  a  dipole  probe 
antenna  to  the  radially  polarized  field  component,  E^,  in  a  shielded 

enclosure.  The  E  field  is  incident  on  the  enclosure  sidewalls  ad- 
r 

jacent  to  the  ends  of  the  radiating  dipole.  Since  E^  is  orthogonal 

to  the  sidewalls,  this  field  can  be  propagated  over  the  surface  of 
the  walls.  As  the  E^  field  propagates  along  the  sidewalls  adjacent  to 

the  ends  of  the  probe  dipole,  the  probe  will  exhibit  maximum  response 
to  this  field  and  a  portion  of  the  energy  will  be  coupled  into  the 
probe  antenna.  The  tangentially  polarized  electric  field.  Eg  is  pro¬ 
pagated  as  direct  radiation  from  the  radiating  to  the  receiving  dipole 
as  shown. 

Prior  to  recognition  of  the  near-field  coupling  theory  as  the  cause 
of  the  coupling  nulls  at  low  frequencies,  the  use  of  conventional  hooded 
antennas  at  frequencies  below  100  MHz  was  ruled  out  because  of  two  major 
considerations.  First,  to  satisfy  the  aperture-to-wavelength  require¬ 
ments  to  obtain  the  directivity  necessary  to  prevent  multipath  influences 
on  measured  field  strengths,  a  low  frequency  conventional  hood  would  be 
too  large  to  be  accommodated  in  shielded  enclosures.  Fortunately,  all 
available  data  as  well  as  calculations  indicate  that  the  dimensions  of 
the  enclosure  are  not  large  enough  to  permit  any  significant  multipath 
interference  at  low  frequencies.  Hence,  there  is  apparently  little 
need  for  obtaining  tangentially  polarized  field  directivity  with  a 
liood.  The  other  major  objection  to  the  use  of  hoods  at  low  frequencies 
was  that  no  suitable  absorbing  material  is  available  with  which  to  line 
the  inside  of  the  hood. 

Since  the  problem  at  low  frequencies  is  the  wall-coupled,  radial 
field  effect  and  not  conventional  multipath,  it  was  considered  possible 
to  line  the  inside  of  a  low  frequency  hood  with  lossy  material  and, 

'hrough  the  use  of  an  effective  balun,  isolate  the  probe  antenna  from 
the  near-field  components  propagated  along  the  sidewalls  as  indicated 
in  Figure  1(b). 

It  should  be  emphasized  that  there  are  distinct  conceptual  differ¬ 
ences  between  the  conventional  hooded  antennas  employed  at  high  fre¬ 
quencies  and  the  low  frequency  hood  depicted  in  Figure  1(b).  In  the 
conventional  liigh  frequency  hooded  antenna,  the  hood  is  used  to  achieve 
antenna  directivity  with  respect  to  the  tangentially  polarized  electric 
field  component.  Eg.  This  increased  directivity  is  utilized  to  minimize 

the  effects  of  multipath  interference  (stray  radiation)  inside  a  shielded 
enclosure  by  allowing  probe  illumination  of  the  radiating  source  while 
simultaneously  minimizing  sidewall,  backwall,  floor  and  ceiling  illumination. 
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Figure  1.  Illustration  of  the  Use  of  an  Antenna  Hood  to  Minimize 
Probe  Response  to  Radially  Polarized  Fields. 


The  inside  of  a  conventional  high  frequency  hood  is  lined  with  RF  absorb¬ 
ing  material  and  the  probe  antenna  is  isolated  by  a  balun  from  the  out¬ 
side  metal  shield.  In  the  open-field  or  free-space  environment,  measure¬ 
ments  made  at  a  given  frequency  with  the  probe  antenna  unhooded  differ 
from  measurements  made  with  the  same  probe  hooded  by  a  constant  factor 
at  all  far-field  measurement  ranges  of  interest.  This  constant  factor 
is  the  insertion  loss  (or  gain)  associated  with  the  hood.  After  correct¬ 
ing  for  this  insertion  loss,  the  hooded  and  unhooded  measurements  are 
identical  at  each  measurement  range  of  interest. 

The  concept  of  the  low  frequency  hood  shown  in  Figure  1(b)  is 

completely  different  from  that  of  the  conventional  high  frequency  hood. 

In  the  low  frequency  hood  no  Increased  directivity  with  respect  to  the 

tangentially  polarized  electric  field  component,  E.,  is  sought  or 

u 

achieved.  Rjther,  the  low  frequency  hood  is  used  solely  to  isolate 
the  antenna  from  the  radially  polarized  electric  field  component,  E^, 

propagated  along  the  sidewalls.  Although  the  probe  antenna  is  isolated 
from  the  outside  metal  shield  of  the  hood  by  a  balun  as  is  the  case 
with  conventional  high  frequency  hoods,  the  inside  of  the  metal  shield 
is  lined  with  a  lossy  material  (for  isolation  from  the  Inside  of  the 
metal  shield)  rather  than  an  absorber.  This  can  be  done  since  the 
dimensions  involved  preclude  significant  effects  from  multipath  reflec¬ 
tions  inside  the  hood  itself. 

The  most  important  conceptual  difference  between  the  conventional 
high  frequency  hooded  antenna  and  the  low  frequency  hooded  antenna  is 
that  the  latter  is  intended  for  use  at  ranges  of  from  a  few  wavelengths 
down  to  a  fraction  of  a  wavelength  from  the  radiating  source.  Thus, 
when  the  low  frequency  probe  antenna  is  hooded,  not  only  is  a  far- 
field  insertion  loss  factor  present  in  the  measured  results,  but  the 
mutual  coupling  between  the  source  and  the  probe  is  appreciably  altered 
by  the  presence  of  the  hood.  Therefore,  at  longer  wavelengths,  it  is 
no  longer  possible  to  correct  hooded  probe  measurements  to  agree  with 
unhooded  probe  measurements  by  a  range-independent  far-field  insertion 
loss  factor.  It  is  indeed  difficult  and  more  than  a  little  misleading 
to  describe  the  low  frequency  probe  as  either  hooded  or  unhooded  in  the 
conventional  sense  in  which  this  concept  is  used  to  describe  probes 
intended  for  use  at  higher  frequencies.  The  hooded  low-frequency  probe 
operating  very  close  (in  terms  of  wavelength)  to  a  radiating  source 
should  and,  as  is  sliown  in  the  measurement  results  section  of  this 
report,  does  exhibit  electrical  characteristics  quite  different  from 
those  of  the  same  probe  unhooded.  Instead  of  being  described  as 
hooded  and  unhooded,  it  may  be  clearer  to  view  the  two  antenna  con¬ 
figurations  as  two  distinctly  different  antennas,  just  as  differentiation 
is  made  between  dipoles  and  horn  antennas.  However,  in  order  to  be  con- 
sistant  with  previous  reports,  the  low  frequency  probe  antenna  will  be 
referred  to  herein  as  either  hooded  or  unhooded. 


2.  Low-Frequency  Hooded  Antenna  Experiments 

In  order  to  experimentally  test  the  concept  tliat  an  antenna 
hood  could  be  used  successfully  in  shielded  enclosures  at  frequencies 
below  100  MHz  to  isolate  a  probe  antenna  from  the  near-field  radially 
polarized  components  propagated  along  the  sidewalls,  a  probe  antenna 
and  antenna  hood  were  fabricated.  An  18-inch  bow-tie  antenna  with  a 
38-degree  flare  angle  was  built  to  serve  as  a  probe  antenna.  An  Anzac 

Model  H-1  hybrid  junction  was  used  as  the  probe  antenna  feed  and  balun. 

The  hood  was  constructed  from  an  aluminum  cylinder  two  feet  in  dia¬ 
meter  and  four  feet  long;  the  wall  thickness  was  1/8  inch.  The  hood 

end  plate  (back  wall)  was  made  from  1/2  inch  sheet  aluminum.  The 

cylinder  and  end  plate  were  lined  with  Emerson  and  Cuming  NZ-1  ferrite 

3 

material.  While  it  is  documented  that  this  material  is  a  very  poor 
absorber  at  frequencies  appreciably  below  300  MHz,  it  has  been  found 
to  be  an  adequate  lossy  material  in  the  frequency  range  of  interest. 
Figure  2  shows  a  view  of  the  bow-tie  probe  antenna  inside  the  antenna 
hood . 


Antenna  coupling  measurements  were  made  in  an  8  x  8  x  20  foot 
shielded  enclosure.  A  30-inch  bow-tie  antenna  was  used  as  the  source 
antenna  for  all  of  the  coupling  measurements.  Initially,  antenna 
coupling  as  a  function  of  separation  distance  was  determined  between 
the  source  antenna  and  the  unhooded  18-inch  bow-tie  probe  antenna. 


Figure  2.  View  of  tlur  Hoo'iod  1H-Inc!i  How-'i'ie  Probe  Antenna. 


The  source  antenna  was  centered  in  the  shielded  enclosure  93  inches 
from  the  end  wall  to  correspond  with  previous  experiments  in  the  20 
foot  chamber.  Coupling  measurements  were  made  at  frequencies  of  50, 

40  and  30  MHz.  The  measurements  were  made  at  2-lnch  spacing  increments 
at  antenna  separation  distances  of  from  10  inches  to  100  Inches.  The 
results  of  these  measurements  are  shown  in  Figures  3,  4  and  5. 

The  coupling  data  for  the  unhooded  probe  antenna  clearly  show  the 
typical  low  frequency  coupling  nulls  resulting  from  the  out-of-phase 
summation  of  the  tangentially  and  radially  polarized  field  components. 
Consistant  with  previously  reported  coupling  measurements  in  shielded 
enclosures,  at  low  frequencies,  the  null  occurs  further  from  the  source 
as  the  frequency  is  decreased.  A  complete  discussion  of  the  reasons 
for  this  effect  can  be  found  on  page  13  of  reference  1. 

To  verify  that  the  probe  antenna  could  be  isolated  from  the 
radially  polarized  near-field  component  propagated  along  the  enclo¬ 
sure  wall  by  the  use  of  an  antenna  hood,  the  experiment  described 
above  was  repeated  with  the  18-inch  bow-tie  probe  antenna  hooded 
as  shown  in  Figure  2.  Again  the  coupling  measurements  were  made  at 
2-lnch  spacing  increments  at  each  of  the  three  test  frequencies. 
Measurements  were  made  with  the  probe  antenna  located  at  hood  depths 
of  3,  9  and  18  inches.  It  was  found  that  the  3-inch  hood  depth  did 
not  provide  sufficient  probe  antenna  isolation  to  completely  eliminate 
the  coupling  nulls.  No  significant  differences  were  observed  between 
the  data  recorded  at  a  9-lnch  hood  depth  and  that  recorded  at  an  18- 
inch  hood  depth. 

The  results  of  the  coupling  measurements  made  in  the  shielded 
enclosure  with  the  probe  antenna  hooded  for  a  9-lnch  hood  depth  are 
shown  in  Figures  3,  4  and  5.  As  shown  in  these  curves,  sufficient 
isolation  was  provided  by  the  antenna  hood  to  prevent  coupling  of  the 
component  into  the  probe  antenna.  Hence,  no  coupling  nulls  are 

evident  in  the  hooded  antenna  data. 

To  compare  the  hooded  antenna  coupling  measured  in  the  shielded 
enclosure  with  corresponding  data  from  open-field  measurements,  the 
shielded  enclosure  experiments  described  above  were  repeated  on  the  roof 
antenna  range.  The  open-field  coupling  data  obtained  with  the  hooded 
antenna  are  also  shown  in  Figures  3,  4  and  5.  The  agreement  between 
the  hooded  antenna  measurements  in  the  shielded  enclosure  and  corres¬ 
ponding  measurements  in  the  open-field  is  quite  good.  Out  to  a  separa¬ 
tion  distance  of  just  over  one  meter,  the  two  sets  of  measurements  are 
identical  to  within  the  accuracy  of  the  measurement  equipment.  At 
separation  distances  in  excess  of  50  inches,  a  detectable  difference  in 
coupling  is  seen.  The  coupling  in  the  open-field  falls  off  more  slowly 
with  distance  than  it  does  in  the  shielded  enclosure.  At  a  separation 
distance  of  100  inches,  the  difference  between  the  open-field  and 
shielded  enclosure  measurements  is  approximately  3  dB. 
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UNHOODED  IN  SHIELDED  ENCLOSURE 
HOODED  IN  SHIELDED  ENCLOSURE 


While  the  low  frequency  hooded  antenna  exhibits  little  or  no  res¬ 
ponse  to  radially  polarized  fields,  figures  3,  4  and  5  indicate  that 
this  antenna  does  exhibit  less  gain  than  unhooded  bow-tie  antennas. 
Open-field  coupling  measurements  were  made  as  a  function  of  the  separa¬ 
tion  distance  of  the  30-inch  bow-tie  antenna  and  the  unhooded  18-inch 
bow-tie  antenna.  The  results  of  these  measurements  are  showi  in 
Figures  6,  7  and  8.  The  corresponding  open-field  coupling  curves 
between  the  30-inch  bow-tie  antenna  and  the  horded  18-inch  bow-tie 
antenna  are  included  in  these  figures  for  comparison. 

As  expected,  the  near-field  mutual  coupling  between  the  source  and 
probe  antennas  was  found  to  be  considerably  altered  when  the  probe 
antenna  was  hooded.  As  can  be  seen  from  Figures  6,  7  and  8  the  addi¬ 
tional  coupling  losses  associated  with  the  hooded  probe  are  dependent 
both  on  separation  distance  and  frequency.  To  further  document  the 
range  dependence  of  mutual  coupling  in  the  near-field,  azimuth  antenna 
patterns  were  made  of  the  response  of  the  hooded  probe  anteniia  to  the 
tangentially  polarized  electric  field,  E-..  For  these  patterns  a  short 
dipole  antenna  was  used  as  a  radiating  source.  Figure  9  shows  the  test 
setup  used  in  obtaining  the  patterns. 

Azimuth  antenna  patterns  of  the  hooded  probe  antenna  were  made  at 
source-to-probe  separation  distances  of  28,  36,  48,  60,  72  and  84  inches. 
The  patterns  were  made  at  a  frequency  of  40  MHz  with  the  bow-tie  probe 
located  at  a  24-inch  hood  depth.  The  resulting  patterns  are  shown  in 
Figures  10  and  11.  In  order  to  obtain  the  clearest  possible  patterns, 
it  was  necessary  to  increase  the  power  delivered  to  the  source  antenna 
as  the  source-to-probe  separation  distance  was  increased.  The  response 
level  on  boresight  is  indicated  on  the  pattern  at  each  separation  dis¬ 
tance.  All  levels  are  referenced  to  0  dB  at  a  28-inch  separation  dis¬ 
tance. 

As  Figures  10  and  11  indicate,  there  are  several  dramatic  effects 
of  separation  distance  on  the  hooded  probe  antenna  patterns  as  a  result 
of  near-field  mutual  coupling  changes  between  the  source  and  hooded 
probe  antenna.  The  apparent  front-to-back  ratio  is  seen  to  change  from 
about  32  dB  at  a  28-inch  separation  distance  to  about  10  dB  at  84  inches. 
The  apparent  3  dB  beamwidth  changes  from  approximately  36  degrees  at 
28  inches  to  approximately  84  degrees  at  84  inches.  The  word  "apparent" 
is  used  advisedly  in  describing  the  front-to-back  ratio  and  beamwidth 
changes.  It  should  be  recognized  that  the  "patterns"  shown  in  Figures 
10  and  11  actually  depict  the  near-field  mutual  coupling  of  the  dipole 
source  and  the  hooded  probe  as  a  function  of  the  azimuth  position  of 
the  latter.  The  near-field  as  used  here  implies  the  region  less  than  a 
few  wavelengths  from  the  antenna  where  the  induction-field  and  electro- 
static-field  are  significant  with  respect  to  the  radiated  field.  In 
this  region  the  coupling  between  two  antennas  includes  inductive  coupl¬ 
ing  and  capacitive  coupling  as  well  as  the  normal  coupling  involving 
the  radiated  field.  The  inductive  coupling  and  capacitive  coupling  are 
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Figure  9.  View  of  the  Teut  Set-Up  for  Measuring  Near-Field 
Mutual  Coupling  Pattevns. 


extremely  sensitive  to  the  configurations  of  the  two  antennas  involved, 
to  the  spacing  between  the  antennas  and  to  the  orientation  of  the  two 
antennas  with  respect  to  each  other.  Hence,  it  is  to  be  expected  that 
patterns  made  in  this  region  will  be  significantly  different  from  far- 
field  patterns  and  will  be  a  function  of  the  distance  at  which  they  are 
measured.  The  mutual  coupling  patterns  shown  in  Figures  10  and  11 
would  be  expected  to  change,  for  example,  if  a  different  source  antenna 
were  used  in  place  of  the  short  dipole  shown  in  Figure  9. 

3.  Future  Investigations 

It  has  been  shown  that  a  low  frequency  antenna  hood  can  be 
used  to  effectively  isolate  the  probe  antenna  from  the  radially 
polarized  field  component  propagated  along  a  shielded  enclosure  wall. 
Low  frequency  hooded  antenna  coupling  measurements  in  a  shielded  enclo¬ 
sure  agree  quite  well  with  corresponding  hooded  measurements  made  in 
the  open-field.  However,  coupling  losses  associated  with  the  low 
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frequency  hooded  antenna  are  appreciable  and  the  mutual  coupling  between 
the  source  and  probe  antenna  is  significantly  affected  by  the  antenna 
hood.  The  strong  dependence  of  mutual  coupling  on  the  probe  antenna 
hood  could  further  complicate  any  future  calibration  of  this  type  of 
antenna.  Thus,  while  the  low  frequency  hooded  antenna  does  offer  a 
solution  to  some  of  the  near-field  measurement  problems  in  shielded 
enclosures,  this  solution  is  not  without  some  disadvantages. 

During  the  coming  quarter  alternate  techniques  will  be  investigated 
for  minimizing  the  effects  of  the  radially  polarized  near-field  compon¬ 
ent  on  measurements  made  in  shielded  enclosures.  It  is  anticipated  that 
the  Investigation  will  include  metltods  of  preventing  the  radial  field 
from  propagating  along  the  enclosure  walls  as  well  as  alternate  tech¬ 
niques  to  minimize  probe  coupling  of  this  field  from  the  walls. 
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C.  Short  Hooded  Antennas 


1 .  Background 

A  major  objective  of  the  present  program  is  to  improve  the 
design  of  hooded  antennas.  The  evaluation  ol  die  hooded  antennas  on 
previous  programs  revealed  tliat  the  relatively  long  hoods  utilized  with 
these  antennas  were  yielding  more  direct ivitv  chan  was  required.  In 
fact,  at  the  higher  frequency  limits,  the  boaniwidths  of  the  antennas 
were  narrower  than  desired.  In  addition,  it  is  desirable  to  reduce 
the  length  of  the  antenna  hoods  in  order  to  reduco  the  size,  weight 
and  cost  of  future  hooded  antennas. 

An  initial  step  in  reducing  the  length  of  liooded  antennas  was  to 
substitute  cavity-backed  spiral  antennas  for  conical  log-helix  antennas 
as  the  primary  feeds  for  hooded  antennas.  The  cavity-backed  spirals 
appear  to  exhibit  all  the  desirable  characteristics  of  the  log-conical 
antennas,  and  in  addition,  are  planar  structures.  In  previous  hooded 
antennas  utilizing  log-conical  antennas  as  primary  feeds,  an  appreciable 
part  of  the  hood  length  was  required  to  accomodate  the  length  of  the 
log-conical  antenna.  The  substitution  of  cavity-backed  spiral  antennas 
allowed  practically  all  of  this  hood  length  to  be  eliminated. 

An  adjustable-length  hooded  antenna  was  fabricated  and  a  study  was 
conducted  to  determine  the  performance  of  hooded  antennas  as  a  function 
of  hood  length.  This  study  was  described  in  detail  in  the  first  quarterly 
report.  The  results  from  this  study  indicated  that  the  length  of  the 
hood  could  be  reduced  to  approximately  1/3  the  hood  diameter  and  still 
provide  a  half-power  beamwidth  of  less  than  60  degrees  over  at  least  a 
3:1  frequency  range.  The  results  also  indicated  tliat  the  beamwidths  of 
short  hooded  antennas  are  considerably  less  sensitive  to  frequency  than 
long  hooded  antennas. 

To  verify  these  results  and  determine  the  beamwidth  characteristics 
of  short  hooded  antennas,  two  experimental  short  hooded  antennas  were 
designed  to  cover  the  frequency  ranges  of  1  to  4  GHz  and  3  to  12  GHz 
and  to  yield  an  essentially  constant  50  degree  beamwidth  over  the  1  to 
12  GHz  range.  Details  of  the  design,  fabrication  and  evaluation  of 
these  antennas  were  presented  in  the  second  quarterly  report. 

The  results  obtained  with  the  two  experimental  short  hooded  antennas 
were  not  as  good  as  anticipated.  The  patterns  obtained  with  the  short 
hooded  antennas  were  considerably  wider  and  more  sensitive  to  frequency 
than  expected.  It  was  hypothesized  that  tlie  lack  of  success  could  be  due 
to  the  fact  that  the  short  hooded  antenna  designs  were  based  on  data 
obtained  with  an  adjustable-length  hooded  antenna  in  which  the  aperture 
dimension  and  the  primary  feed  antenna  (and  hence  the  primary  antenna 
pattern)  were  different  from  the  final  sliort  hooded  antenna  configurations. 
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In  order  to  obtain  experimental  data  wliLcIi  are  more  direc  t  Iv  applicable 
to  the  short  hooded  antenna  designs,  two  achiitional  ad  jus  table  -  Icngtli 
hooded  antennas  have  been  fabricated.  The  cl  imens  ions  and  configurations 
of  these  antennas  have  been  made  as  near  as  possible  identical  to  the 
planned  short  hooded  antennas.  In  addition,  the  same  cavity-backed 
spiral  antennas  that  were  utilized  in  these  adjustable-length  hooded 
antennas  will  be  used  in  the  final  short  hooded  antennas. 


2.  Adjustable-Length  Hooded  ASN  116A  Antenna 


An  adjustable-length  hooded  antenna  for  a  lower  frequency  limit 
of  1  GHz  was  designed  and  fabricated.  The  objective  of  this  antenna  is 

to  cover  the  frequency  range  from  1  GHz  to  as  higli  a  frequency  as  possible, 

and  over  its  useable  frequency  range,  to  provide  a  half-power  beamwidth 
in  the  range  from  20  to  60  degrees.  A  photograph  of  this  hooded  antenna 

is  shown  in  Figure  12.  The  hood  is  a  metal  cylinder  lined  with  Emerson 

and  Cuming  Eccosorb  NZ-1  absorbing  material.  The  outside  diameter  is 
12  inches  and  the  inside  diameter  is  10  inches.  An  AEL  Model  ASN  116A 
cavity-backed  spiral  antenna  was  used  as  the  primary  feed  antenna  for 
this  hooded  configuration.  The  ASN  116A  antenna  is  designed  to  cover 
the  1  to  10  GHz  frequency  range.  Antenna  patterns  for  the  basic  unhooded 
antenna  at  2,  3,  4,  6,  7,  8,  9  and  10  GHz  are  shown  in  Figures  13  and  14. 

It  is  apparent  from  the  figures  that  the  3  dH  beamwidths  at  the  8  test 
frequencies  vary  from  48  degrees  to  103  degrees  witli  an  average  half¬ 
power  beamwidth  of  77.6  degrees.  The  ASN  116A  antenna  and  a  false  metal 


end-plate  i  ined  witli  NZ-1  absorhinj;  material  v;ere  mounted  on  a  circular 
piece  of  expanded  polyethylene  foam.  The  diameter  of  the  foam  was  made 
so  that  it  was  a  tigiit  sliding  fit  to  the  inside  of  the  liood,  and  hence, 
was  capable  of  supporting  the  antenna  and  false  end-plate  at  any  loca¬ 
tion  along  the  length  of  the  hood.  Tlie  length  of  the  hood  was  made  13 
inches  long  so  that  this  configuration  made  it  possible  to  vary  the 
distance  between  the  aperture  of  the  hood  and  the  aperture  of  the  ASN  116A 
antenna  from  zero  to  4  inches. 

Antenna  patterns  for  the  liooded  antei^na  were  made  at  five  frequencies 
(1,  2,  3,  4  and  5  GHz)  for  hood  lengths  of  0,  1,  2,  3,  and  4  inches.  The 
best  results  were  obtained  for  a  hood  length  of  4  inches  and  the  antenna 
patterns  obtained  with  this  hood  lengtli  at  1,  2,  3,  and  4  GHz  are  shown 
in  figure  15.  The  figure  sliows  that  the  liali'-power  beamwidth  obtained  at 
1  GHz  is  72  degrees.  Since  an  objective  of  the  hooded  antenna  develop¬ 
ment  program  is  to  obtain  lialf-powcr  beamwidths  of  less  than  60  degrees, 
this  beamwidth  is  excessive.  However,  a  72-degree  beamwidth  was  obtained 
for  all  liood  lengths  from  zero  to  4  inches  at  1  GHz  indicating  that  the 
beamwidth  is  independent  of  hood  length  at  this  frequency.  Thus  it  was 
concluded  that  the  aperture  of  the  hood  is  not  sufficiently  large  to 
provide  the  desired  directivity  at  this  frequency.  'alf-power  beamwidths 
of  42  degrees  and  45  degrees  were  obtained  at  2  and  3  (iHz,  respectively. 
Tliese  are  well  within  the  desired  beamwidtli  range  of  20  to  60  degrees, 
and  hence,  indicate  that  the  performance  of  tlie  short  hooded  antenna  is 
satisfactory  in  this  frequency  range.  The  antenna  pattern  obtained  at 
4  GHz  shows  that  significant  beam-splitting  occurs  at  this  frequency. 
Patterns  at  higher  frequencies  indicate  tliat  the  beam-splitting  becomes 
more  severe  with  increasing  frequency. 

The  results  from  this  study  indicate  that  (1)  in  order  to  operate 
down  to  1  GHz,  the  aperture  of  the  short  liooded  antenna  will  have  to  be 
increased  sliglitly,  possibly  to  an  inside  diaiiieler  of  12  inches,  (2) 
the  useable  frequency  range  of  a  short  hooded  ASN  116A  hooded  antenna 
will  probably  cover  the  1  to  3  GHz  range  and  (3)  the  optimum  hood  length 
for  a  1  to  3  GHz  short  hooded  antenna  is  4  inches. 


3.  Adjustable-Length  Hooded  ASN  lllA  Antenna 

An  adjustable-length  hooded  antenna  for  a  lower  frequency 
limit  of  3  GHz  was  designed  and  fabricated.  The  objective  for  this 
antenna  is  to  cover  the  frequency  range  from  3  GHz  to  as  high  a  fre¬ 
quency  as  possible,  and  over  its  useable  frequency  range,  to  provide 
a  half-power  beamwidth  in  the  range  from  20  to  60  degrees.  A  photograph 
of  this  hooded  antenna  is  shown  in  Figure  16.  The  hood  is  the  same 
configuration  as  the  ASN  116A  hooded  antenna,  the  difference  being  the 
outside  diameter  of  this  hood  is  6  inches  and  the  inside  diameter  is 
4  inches.  An  AEL  Model  ASN  lllA  cavity-backed  spiral  antenna  was  used 
as  the  primary  feed  antenna  for  this  hooded  configuration.  The 
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Figure  U,.  A(iju:;’„uLle-l,C'n('tli  Hooded  kZV.  11  lA  Autenna. 


ASN  lllA  antenna  is  designed  to  cover  the  3  to  12  GHz  frequency  range. 
Antenna  patterns  for  the  basic  unhooded  antenna  at  4,  6,  8  and  10  GHz 
are  shown  in  Figure  17.  It  is  apparent  from  the  figure  that  the  3  dB 
beamwidths  at  the  four  test  frequencies  vary  from  54  degrees  to  84 
degrees.  The  ASN  lllA  antenna  and  a  false  end -plate  covered  witli  NZ-1 
material  were  mounted  in  the  hood  in  the  same  manner  as  the  ASN  116A 
antenna  so  that  the  antenna  could  be  positioned  at  any  location  along 
the  length  of  the  hood.  The  length  of  the  hood  was  made  13.5  inches 
so  that  the  aperture  of  the  ASN  lllA  antenna  could  be  located  at  any 
distance  from  zero  to  4  inches  from  the  aperture  of  the  hood. 

Antenna  patterns  for  tlie  hooded  antenna  were  made  at  six  frequencies 
(3,  4,  5,  6,  7  and  8.5  GHz)  for  hood  lengths  of  0,  1,  2,  3  and  4  inches. 
The  best  results  were  obtained  for  a  hood  lengtli  of  2  inches,  and  the 
antenna  patterns  obtained  with  this  hood  lengtli  at  tlie  six  test  fre¬ 
quencies  are  shown  in  Figures  18  and  19.  It  is  apparent  from  tlie  antenna 
patterns  that  the  half-power  beamwidth  of  the  hooded  antenna  over  the  fre 
quency  range  from  3  to  8.5  GHz  remains  in  the  range  from  28  to  60  degrees 
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Figure  l8.  Antenna  Patterns  for  Hooded  ASIJ  lllA  Antenna 
at  3,  h,  5  and  6  GHz. 
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Figure  19.  Antenna  Patterns  for  Hooded  ASN  lllA  Antenna 
at  7  and  8.5  GHz. 


The  results  from  this  study  indicate  that  a  short  hooded  antenna  with 
a  4-inch  aperture  and  2-inch  hood  length  will  operate  satisfactorily  over 
the  frequency  range  from  3  to  8  GHz. 

4,  Future  Hooded  Antenna  Investigations 

Results  from  the  programs  described  above  indicate  that  the  1 
to  12  GHz  frequency  range  can  be  covered  with  three  short  hooded  antennas. 
The  measured  data  indicate  that  a  4-inch  long  hooded  antenna  with  a  12- 
inch  inside  diameter  aperture  will  operate  satisfactorily  over  the  1  to 
3  GHz  frequency  range  and  a  2 -inch  long  hooded  antenna  with  a  4-inch 
inside  diameter  aperture  will  operate  satisfactorily  over  the  3  to  8  GHz 
range.  It  is  anticipated  that  a  1-inch  long  hooded  antenna  with  a 
2-inch  inside  diameter  aperture  will  operate  satisfactorily  over  the 
8  to  12  GHz  frequency  range.  A  set  of  three  short  hooded  antennas 
having  these  parameters  will  be  fabricated  and  tested  during  the  next 
quar  ter . 


II.  SUMMARY 


An  experimental  study  was  performed  during  this  reporting  period 
to  test  the  concept  that  an  antenna  hood  could  sufficiently  isolate  a 
probe  antenna  from  near-field  components  propagated  on  the  walls  of  a 
shielded  enclosure  to  eliminate  coupling  variations  in  shielded  enclo¬ 
sures  below  100  MHz.  The  results  from  this  experimental  program  show 
that  a  low  frequency  antenna  hood  can  effectively  isolate  the  probe 
antenna  from  the  enclosure  walls.  However,  insertion  loss  and  cali¬ 
bration  difficulties  associated  with  the  low  frequency  hooded  antenna 
indicate  tliat  this  solution  is  not  witliout  some  disadvantages.  During 
the  next  quarter,  alternate  techniques  will  be  investigated  for  mini¬ 
mizing  tlie  effects  of  near-field  components  on  measurements  made  in 
shielded  enclosures.  This  investigation  will  include  methods  of  pre¬ 
venting  the  radial  field  components  from  propagating  along  the  enclo¬ 
sure  walls  as  well  as  alternate  techniques  to  minimize  probe  coupling 
of  this  field  from  the  walls. 

Two  adjustable-length  hooded  antennas  were  fabricated  and  tested 
to  obtain  experimental  data  which  are  more  directly  applicable  to  high 
frequency  short  hooded  antenna  designs.  Results  from  this  measurement 
program  indicate  that  three  short  hooded  antennas  will  be  required  to 
cover  the  1  to  12  GHz  frequency  range.  A  set  of  three  short  hooded 
antennas  to  cover  the  1  to  12  GHz  range  will  be  fabricated  and  tested 
during  the  next  quarter. 
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high  frequency  short  hooded  antenna  designs,  two  adjustable-length  hooded  antennas 
were  fabricated  and  tested.  Results  from  this  measurement  program  indicate  that 
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